This paper attempts to integrate urban development and ecological conservation by applying and syncretizing the "urban region" concept from landscape ecology and the "city-region" concept from socioeconomics. First, various concepts pertaining to regions are discussed and then, the integration of ecological conservation and urban development on a regional scale is introduced. Subsequently, the Greater Pearl River Delta, in China, is used as a case study area and landscape ecology's "urban region" concept is applied to produce a landscape spatial arrangement framework for an urban region. This framework is achieved through the following steps: conceiving the study area as a region that consists of two urban regions, arranging ecological conservation landscapes by establishing a regional ecological network within the urban-region rings; and formulating an urban development strategy using central place theory. The resulting landscape spatial arrangement solution includes natural protection areas that cover half of the study area, several key strategic urbanizing locations, and suggestions for the strict protection of certain agricultural land-use areas. We believe that this framework facilitates a feasible exploration of land-use planning on a regional scale, although more in-depth studies are required to refine this approach.
Introduction
In human history, mankind has always found ways to utilize and change the villages, towns, cities, and metropolises). Despite its own deficiencies and criticisms, the basic principles of CPT are still valid and there are signs that CPT is about to reemerge in urban study fields (see, for example, Mulligan et al., 2012 [19] ; Parr, 2002 [20] ). Additionally, CPT is efficient for managing urban development strategies, although its rationale and applicability have always been criticized. Thus, on the human side, CPT can be employed as a method to design a human development (urbanization) strategy within the city-region/urban network framework for the purpose of development.
However, it looks like that there exist a dichotomy in arranging regional landscape when people try to develop human life while protect natural environment.
We need a new framework integrating these two sides. This will permit a powerful synthesis that represents an improvement on the above mentioned that only dispose one of the two aspects.
Richard T. T. Forman's pioneering "urban region" concept provides a breakthrough in meshing nature protection and human development in a region from a landscape ecology point of view. This conceptualization permits the implementation of human urbanization land use, while meeting demands for nature protection within the framework of an urban region. The key concept of an "urban region" is that, based on defined urban region boundaries, regional landscape plans can be arranged from two opposite perspectives, nature protection and human development, and at the same time, can unify the two within a single urban region framework.
To coordinate the contradicting needs of both nature and humans, this study attempts to identify a feasible strategy to develop solutions for land use spatial arrangements on a regional scale that incorporates nature protection and human development. This approach is based on the "urban region" concept from a landscape ecology perspective. Land use for nature protection based onan EN and an urban development scheme based on CPT are embedded in an "urban region" framework. That is, deepening and broadening the "Urban Region" concept through network theories: ecological network and CPT based urban network.
In the sections that follow, multiple perspectives regarding regions are discussed and then, an "urban region" conceptualization for regional land-use spatial arrangements is introduced. Subsequently, the urban region concept is applied to the Greater Pearl River Delta (GPRD) using ENs as the basis for nature protection and CPT as the principle for urban development with the goal of syncretizing ecological conservation and urban development.
Review of the Literature Concerning Regions

The Region Concept
Geographically, a region may be depicted as a location with a measurable scope that covers a part of the earth's surface (terrestrial land and/or surface water) and includes the physical, socioeconomic, and cultural dimensions that fall within its and as large as millions of square kilometers; however, the scale is typically sub-national.
Agnew (1999) [21] states that the term "region" often brings to mind the idea of a homogenous space that may be distinguished from other portions of the earth's surface by its physical and cultural features. Thus, a region exists independent of the perspective of observers and is a real entity. The world is covered with a network of identifiable areas [22] . However, a region is also a method of viewing and organizing concepts pertaining to the world [23] . A number of researchers believe that regions are based on social constructs of the world; regions may also be considered complicated constellations of agency, social relations, and power that combine material and immaterial elements [23] [24] .
Generally, three main types of regions are proposed: administrative, formal, and functional. Administrative regions are artificially delimited spaces with administrative/political borders, such as county or province boundaries, for administration purposes; formal regions are uniform areas based on a classification of the area's geographical, human, and physical features to distinguish homogen- Different types of regions have emerged in different academic disciplines for different purposes. Economists, urban planners, and policy makers often consider regions to be city-regions or polycentric urban regions. Landscape ecologists consider regions to be "urban regions", which include socioeconomic and environmental elements that can be integrated within a framework of regional landscape planning.
City-Regions, Megaregions, and Polycentric Urban Regions
Patrick Geddes first described the concept of a city-region in 1915 in his classic work Cities in Evolution [1] , in which he argued that in certain regions of the world, individual cities and towns had become coagulated into conurbations (see also Hall, 2009 [12] ). In 1961, the French geographer Jean Gottman [26] first defined the term megalopolis, which referred to a conglomeration of cities linked through a dense transportation network in the coastal northeast of the United
States from Boston to Washington (see also Pannell & Loughlin, 2015 [27] ).
Although a universally congruent definition of the city-region is not available, the term may be used to define a portion of land that includes a densely urba-Y. Z. Guo, Y. Z. Liu Journal of Environmental Protection nized core and the surrounding hinterland. The relationships between the core and its hinterland are typically tied together by numerous functional flows [14] [15]. The interactions between an urban core and its hinterland form the essence of the city-region, and the flows include people, goods, services, capital, assets, pollution, resources, knowledge, and social norms [13] .
The urban core is occasionally substituted by multiple cores, which transform the city-region into a polycentric urban region [15] or a mega-city region [12] .
The reasons why a region may have multiple cores instead of one core include its history, physiographical conditions, or socioeconomic forces. These multiple cores are usually connected in a network of urban systems through transportation and information infrastructures that support and facilitate interactions among the cores and between the cores and the hinterlands.The process of "concentrated deconcentration" occurs within the mega-city region boundary. Globalization and the shift to an advanced service economy (or informationalization) are the underlying mechanisms for the development of emerging mega-city regions [11] [28].
The city-region concept typically describes the issues concerning a single urban core and its surrounding hinterlands, and the relationships between them.
However, modern regional landscapes and geographic systems often transform into systems with multiple urban cores interrelated with their complex hinterlands. These areas can be deemed mega regions or polycentric urban regions. Polycentric urban regions (or urban system networks) may be treated as one type of city-region, and they are often depicted as collections of distinct cities that are located in close proximity and well connected through socioeconomic forces and infrastructures [14] [33] [34] . This concept is another expression of
Hall's POLYNET (2006) [11] . Examples of POLYNETs include the Randstad in the Netherlands, the Flemish Diamond area in Belgium, the Kansai area (Kyoto-Osaka-Kobe area) in Japan, and the San Francisco Bay area in the United States.
In fact, these two concepts, megaregion and polycentric urban region, characterize the regional landscapes on different scales. While the former refers to larger areas, often more than 100,000 km 2 , the latter refers to smaller areas.
Landscape Ecology Perspective: "Urban Region"
Richard T. T. Forman defined the seminal landscape ecology concept of the "urban region" in 2008, which was considered a breakthrough in landscape ecology theory. An urban region is an area of active interactions between a city and its surrounding hinterland. The outer boundary of an urban region is de- termined by a drop in the rate of flows and movements as one proceeds outward from the city [5] . Typically, the "city" is a large metropolis, although the standard definition of a city includes cities that are much smaller.
Although the range of an urban region is usually determined by local conditions for the specific area, the radius of an urban region is normally 100 -150 km. Often, the attributes that determine the outer boundary are physiographic features (e.g., mountain ranges, water bodies, and land-cover changes), major administrative borders, other nearby cities, or one-day recreation sites.
The physical structure of an urban region can basically be divided into two portions: the metropolitan area and the urban-region ring ( Figure 1 ). The metropolitan area, which is a conspicuous object in satellite images, is a nearly continuously built-up area of the city and the adjoining suburbs. The urban-region ring refers to the area outside the metropolitan area, inside the urban-region boundary, and is a mosaic of greenspaces interwoven with built systems. Villages, towns, satellite cities, and infrastructure such as highways, railroads, powerlines, airports, and harbors are all types of built systems. Greenspaces are unbuilt areas in an urban region and include numerous types of unbuilt lands not only within the urban-region ring but also within the metropolitan area.
Greenspaces include playing fields, wetlands, forests, nature reserves, market-gardening areas, farmlands, and river corridors. In addition, barren lands such as landslide-induced barren slopes, sand dunes, and beaches may also be inside the urban-region ring. As an interwoven and densely crisscrossed waterway system along the central coast of south China, the Pearl River flows across flat lands from the western, northern, and eastern mountains, along with its tributaries and distributaries, into the South China Sea. It is said that the Pearl River Delta (PRD) was initially formed approximately 6000 years ago. For thousands of years, the Pearl River system has transported soils and other sediments from the surrounding mountain areas to the central low lands and the sea, and this sedimentation eventually formed the PRD. The delta itself is a mosaic of low lands (terraces and plains), water bodies (ponds and lakes), and small hills (ranging from dozens to hundreds of meters in height). The topographic distribution within the GPRD is similar to a large basin. Surrounding the PRD are mountains to the west, north, and east that have hill tops and mountain ridges ranging from several hundred to more than one thousand meters above sea level, which give the delta the appearance of a large mouth opening to the South China Sea. 
Methodology
Bridging Nature Conservation and Urban Development
Urban planning often highlights the quality of people's lives, whereas conservation planning stresses the natural systems on which people depend. However, a new strategic approach is required that syncretizes the needs and demands of people and nature to create a new whole [5] . Further, on a regional scale, a bridge to coordinate ecological conservation systems and human societal development is needed, and the urban region concept maybe a feasible framework.
Nature conservation and urban development are different but complementary dimensions when arranging regional land uses. On its own, each approach is only partial, but integrating the two aspects permits a powerful synthesis and, as such, represents an improvement on the previous analyses that typically reference only one of the two approaches. Here, we propose landscape ecology's "urban region" concept as a regional land use strategy. The key is that the urban region concept integrates human development and nature conservation within a defined area, and its objective is to design a regional land-mosaic scenario for natural systems and human populations based on a patch-corridor-matrix model under the urban region concept.
Geographically identical regions consisting of central metropolitan areas surrounded by related hinterlands are found worldwide. These regions are regarded as "urban regions" from a landscape ecology perspective or "city-regions" from a 
Embedding Networks into the Urban-Region Framework
As pointed out in the previous section, on a regional scale, nature conservation and urban development can be integrated within an urban-region framework from the landscape ecology perspective. However, the objectives of nature conservation can be materialized through the EN approach. Similarly, CPT serves as an effective approach to arranging urban development land use. This will enhance and improve the Formanian urban-region conceptualization.
An EN may be described as a system of nature reserves (core areas) and their interconnections (corridors) and buffer zones that increase the coherence of a fragmented natural system to support ecological processes or landscape functions. The main roles of the EN are providing species habitats and maintaining and improving functional ecological connectivity, except other functionalities
Surely, on a regional scale, this EN lies within the urban-region ring, interwoven with agricultural landscapes and other lands. For the GPRD, this EN will be designed and proposed based on landscape ecology theory and geographic spatial analysis techniques, serving as the fundamental components of the regional landscape planning vision.
On the other side, an urban development scheme can be conceived based on CPT. Classical CPT provides a methodology to explain and arrange the number, location, size, and functional content of settlements within a region. By defining a compound index of Central Place Importance (CPI), this study attempts to arrange the urbanization strategy within the study area using CPT and combining it with the "satellite-cities model" proposed by Forman [5] .
Due to the modern complex transportation and information infrastructures, as well as the complementarities and cooperation among urban centers, the urban centers themselves formulate a regional urban network at the opposite side of the EN.
The ultimate objective of this scheme is to embed urbanization areas (the urban network) based on CPT, the patches, into the natural and semi-natural landscapes (the EN and agricultural lands), the matrix. This strategy eventually achieves the goal of protecting the natural system while meeting urban development demands. In Section 4.5 and Section 4.7, respectively, this strategy will be realized within the GPRD study area.
GPRD Megaregion as a Polycentric Urban Region
In addition to the rapid socioeconomic reform and development observed in China since 1978, regional integration policies have been enacted and urbanization has occurred, especially within the GPRD, which is emerging as a global mega-city region.
Peter Hall defined a mega-city region (megaregion) as "a series of anything between twenty and fifty cities and towns, physically separate but functionally networked, clustered around one or more larger central cities, and drawing eco- Shenzhen is dominant in high-tech industries; and the other cities and towns of the delta are responsible for routine manufacturing and service functions. By definition, the entire GPRD is highly centralized on a global scale.
The GPRD mega-city region is typically a polycentric urban region because this region includes several large metropolises surrounded by dozens of cities, which in turn, are neighbored by small towns and all of these locales are connected through densely distributed transportation routes.
The Guangzhou Urban Region and the Hong Kong Urban Region
The city-region concept addresses the GPRD from asocioeconomic perspective. However, the approach defined here considers this study area from an opposite but related perspective-the "urban region" concept from the landscape ecology perspective. Within the delta, Guangzhou and Hong Kong are two development poles and historically dominant cities located in the inland northwest and the coastal southeast of the PRD, respectively. Furthermore, Guangzhou and Hong Kong are two cores of their respective city-regions. The influence of Macau is limited because of its small size. Thus, the GPRD mega-city region can be divided into two urban regions: Guangzhou in the northwest and Hong Kong in the southeast (Figure 3 ). Although the lands they cover superimpose each other, the objective of this study is to analyze the entire region from their respective core areas (the two big metropolises) and treat the landscapes within the urban region rings accordingly.
As mentioned in previous sections, an urban region consists of two portions: the inner metropolitan core area and the outer urban-region ring. Within the GPRD, the two cores are the Guangzhou metropolis and the Hong Kong metropolis, and each metropolis has an urban region ring. Although the boundaries of urban regions are often defined as 100 km [5] or 150 km [11] [12], the local geographic conditions are complicated and place-specific. The straight distance between the downtowns of Guangzhou and Hong Kong is 130 km. The farthest radial distances from the two cores, Guangzhou and Hong Kong Island, to the remote edge settlements do not exceed 210 km, and almost all of the small towns are located within a radius of 200 km from Hong Kong Island and Guangzhou metropolis. Thus, 200 km was selected as the outer boundary for both the Hong Kong and Guangzhou urban regions. Journal of Environmental Protection 
ENs (Ecological Networks)
Different researchers discuss and design ENs from different perspectives because they come from different professional backgrounds. It is widely accepted that there are two schools in EN design around the world: the landscape approach and the species-specific approach [6] [8] [38] . Additionally, Théau et al. [39] asserted that the landscape ecology approach is one of the best ways to design an EN.
The ecological protection solutions were addressed through a broadened regional EN system that enhances landscape connectivity facilitating natural processes, including movements of species as well as people. Such networks are the fundamental backbone of nature protection primarily focusing on the "urban-region rings", which Forman termed "emerald networks" [5] [40].
This regional EN was established through a landscape ecology approach employing GIS spatial analysis to enhance and restore landscape connectivity. The formulated EN was established via the following process. After collecting and preparing data from various sources, an ArcGIS overlay algorithm was used to identify the core areas and then, a least-cost path algorithm in GIS was employed to delineate the ecological corridors, thus creating a regional EN. Afterwards, the regional EN was extended to include riparian connectivity protection areas and stepping stones. Finally, an extended regional EN emerged. 
Core Area Identification
Core areas were identified using the ArcGIS overlay analysis module by integrating seven data layers: land cover, vegetation density, human population density, road density, distance to settlement, distance to road, and distance to river.
This process includes formatting, normalizing, and reclassifying data; calculating total core area value; determining the thresholds of the core area value that is included; and determining the minimum size of the core area. Eventually, 59 core areas were designed.
Determining Core Area Pairs to Be Connected
The edge-to-edge instead of centroid-to-centroid principle was used to select core area pairs to be connected. By referring to Landsat images and the topology of the patches, the locations of source and destination pixels to situate the "sticks" to link the core areas were determined for the purpose of establishing a least-cost path function or to locate road fragmentation crossings. The stick is a place holder representing connections between two core areas. In the end, 45 sticks were designed to connect 46 core areas.
Cost Surface Calculation
A general cost surface calculation for ecological movement within the study area was generated. The cost surface represents the per-pixel cost of movement across the landscape, indicating how difficult it is for organisms or ecological processes to move through the landscape. Factors contributing to the total value of the cost surface include land cover, vegetation density, human population density, road density, elevation, and slope.
Delineating Ecological Corridors
The least-cost path algorithm was used to design ecological corridors. This computes the minimum cumulative cost.The primary input to a least-cost model is the above-referenced cost surface calculation. Forty-five least-cost paths were determined based on the above-referenced sticks. Then, the widths of the corridors were defined, resulting in 45 ecological corridors. In addition, road fragmentation crossings were worked out where core areas were only segmented by linear transportations routes.
Extending the Defined ENs
Vegetation along major rivers is an important component in nature protection strategies. The study area holds five major river channels. These rivers and their associated tributaries (a total length of 1300 km) were designed as riparian 
Agricultural Land Uses
According 
Applying CPT to Improve Urban Systems
The preceding discussion showed that regional EN and agricultural land uses are fundamental and indispensable components of the GPRD mega-city regional landscape planning vision. Here, a regional urban development strategy based on classical CPT and the urban region concept will be addressed.
Rationale behind Using the CPT
CPT is an old and fully developed settlement location theory. Despite various criticisms and its inherent deficiencies, there seems to be signs of its resuscitation. Mulligan and collaborators believed that an important value of CPT is that it can integrate a number of key concepts in regional science, such as consumer choice, firm agglomeration, and functional hierarchy. Additionally, they stated that CPT indicates how human processes are embedded in space or mediated by location and has practical implications for policy, especially urban and regional planning. CPT has the ability to describe why, how, where, and when city systems materialize on the economic landscape. CPT describes the general framework of the urban spatial structure and has applications for the siting of centralized facilities and the planning of infrastructure for public goods and services.
They also concluded that CPT is ready for reemergence and should be viewed as complementing rather than competing with new theories such as new economic geography [19] .
Parr [20] suggested that CPT "provides a foundation upon which other facets of the urban system could be superimposed". Thus, an overall urban system in- 
Choosing a Suitable Urbanization Model
Urbanization includes densification and the outward distribution of the built environment. Densification represents increased density and building units within the boundary of the built area and includes infilling greenspaces or constructing high-rise apartment buildings. Because this study focuses on land-use changes and landscape transformations, the emphasis here is on outward urban expansion. Therefore, our goal is to design and arrange the land use in the urban-region ring beyond the metropolis.
Forman [5] designed a study from a landscape ecology perspective by employing 18 landscape degradation attributes that were applied to 38 urban regions worldwide, with a focus on natural systems and their human uses. The 18
attributes (e.g., biodiversity sites, forests, rivers, wetlands, distance to a major highway, and subdivision degree) were applied to four urbanization models (the concentric-rings model, the satellite-cities model, the transportation-corridors model, and the dispersed-sites model) to evaluate the effects of urbanization on the degree of landscape degradation associated with the four alternative spatial models, and a ranking of the effects on both the natural systems and their human uses emerged ( Figure 6 ). The models were ranked as follows, from best to 
The Current GPRD Urban System and Central Places
An urban system has already formed within the GPRD and researchers have referred to it as a mega-city region [11] or city-region [35] . By applying classical CPT, this urban system can be presented as classified groups distributed across the study area.
A compound CPI was employed to represent the relative importance of the settlements. The CPI is an index integrating five elements: population, GDP, political administration location, company headquarters location, and transportation values. It was calculated using the following formula:
where CPI is the value of the compound CPI index, P is the total population of the settlement, D is the GDP, G is the value of the government administration location, C is the value of the company headquarters location, and A, S, R, and H represent values for airports, harbors, railways entering the central place, and highways entering the central place, respectively. Each of the five factors was assigned the same weight. The values of the CPI were ranked, grouped, and classified, and the resulting distribution of the central places (CPs) (towns, cities, and metropolises) is depicted in Figure 7 .
Upgrading the GPRD's Urban System
Economic growth and landscape/land-use changes are constantly occurring in the GPRD and its urbanization will continue while its landscapes degrade. The 
The Urban Network Analysis
An urban network can be described as a nodal region that consists of nodes (cities, towns, firms, etc.), linkages between the nodes (infrastructure, ties, etc.), socioeconomic complementarity relationships, interactions (flows) between the centers, and areas surrounding the nodes (hinterlands). Hierarchical relationships may exist between the urban centers (nodes), while complementarity relationships and spatial interactions between the urban centers must be present, at least to some extent. The most important feature of an urban network is that there are complementarity relationships between the urban centers within the urban net- [34] . Total inertia is an important measurement that describes the extent of differentiation in the socioeconomic profiles of a group of urban centers. The centroid represents the average profile. The greater the distances of the category points from the centroid, the higher the inertia. The highest attainable inertia is equal to the dimensionality of the problem (the number of urban centers-1), while the lowest is zero. Another interesting statistic, the complementarity ratio, was defined by Meijers [34] . The complementarity ratio is calculated by normalizing the total inertia. This is accomplished by dividing total inertia by the maximum total inertia possible and multiplying the result by 100, which yields a value between 0 and 100. Figure 10 shows the extended regional EN map for the entire GPRD. This in- unrealistic to determine a digital figure to express the total coverage, as there will be different widths along different river reaches. That is a conceptual vision.
Results
The EN
The major roles of this regional extended EN are maintaining and improving landscape connectivity and providing habitats for species, and do not include other functions such as recreation. Furthermore, this regional EN also functions as the foundation and backbone for a regional landscape planning strategy, as other land uses are restricted and guided through this EN.
The Urban Network
As analyzed in Section 4.8 and depicted in Figure 9 , complementary relationships between the 11 cities within the study area exist. Additionally, regional cooperation between cities, especially coordination between the two SARs (Hong Kong and Macau) and the Mainland PRD, is playing an important role in regional development and urbanization. Further, a modern and densely distributed transportation system and information infrastructure closely link the settlements. These, in fact, make the GPRD an integrated urban system network and this will continue to be enhanced and improved.
Although it seems difficult to display the complex functional inter-city socioeconomic relationships through a two-dimensional map, exhibiting the distributions of various settlement classes and the related advanced transportation systems on a single map somewhat reveals the facts of the urban network ( Figure   11 ).
Upgraded Urbanization Centers
Based on the rules and methods set forth in Section 4.7, seven of the settlements (CPs) within the study area were designed to be upgraded to urbanization priority locations. Two settlements, Kaiping and Yamen, were upgraded to Class 4.
The other five, Huiyang, Tangxia, Nansha, Gaoming, and Dawang, were designed as Class 3 settlements. These seven locations were designated as primary urbanization locations for regional planning (Figure 12 ).
The Regional Landscape Planning Vision
As shown in Figure 13 , the regional landscape planning vision is comprised of three components: the regional extended EN, agricultural land uses, and urbanization areas. Roughly, the broadened regional EN covers 48% of the entire study area, while agricultural lands comprise one third, and built-up areas comprise one sixth. Certainly, the percentages of the three components will change in the future, with an increase in urbanization areas and a reduction in the other two components.
These ENs, agricultural lands, and urbanization areas are embedded within 
Discussion
Forman's "urban region" concept appears to be a promising approach because it constitutes, at least to an extent, a framework that harmonizes human development and nature conservation processes.
The GPRD is a good location to use for an empirical examination and frame- Second, institutional headquarters are primarily located in Hong Kong rather than Shenzhen. Thus, the traditional growth poles, Hong Kong and Guangzhou, were chosen as the top CPs that control the urban development system within the GPRD.
Conclusions
This paper proposed a regional land-use spatial development framework based on landscape ecology's "urban region" concept, which, in turn, employs EN theory to design natural system protection schemes and uses classical CPT principles to arrange urban development strategies. The emphasis is placed on the urban-region rings for the purpose of developing regional landscape planning solutions in economically advanced and rapidly developing areas, such as the GPRD.
The mission of building a regional EN is primarily to mitigate landscape degradation and improve landscape connectivity. To develop the EN, we assumed Undoubtedly, the Formanian "urban region" concept is a good approach to regional landscape planning, especially indensely urbanized areas. However, this study enhances the idea through the network approach, that is, arranging nature protection landscapes through the EN designation and addressing urbanization strategies through the urban network approach using CPT principles.
This approach is untested and will require modification and improvement.
However, this is a good choice for regional land-use strategy studies because it integrates human development and nature protection. Further studies that pursue functional approaches through agents such as target species in order to construct ENs and import location theories for urbanization solutions are needed.
